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(54) ENGINE MIXTURE STRATIFYING METHOD AND ITS DEVICE 

(57)Abstract: 

PURPOSE: To increase respectively the igniting 
quality and flame spreading quality of fuel and 
improve the fuel consumption by conducting the 
distribution of the mixture of liquid fuel and air so that 
the mixture may become richer at a portion farther 
from an ignition plug than at the peripheral portion of 
the ignition plug at the time of gas fuel injection. 
CONSTITUTION: In the case of an engine 1, taken-in w 
air is fed to each cylinder from an air cleaner 30 
through an air intake port 4 and respective air intake 
maniflods 5a-5d. Also, gasline that is liquid fuel is fed 
to a liquid fuel feed passage 6, and then, is injected 
to the throttle valve of the air intake port 4 from the 

first injecter 7 of a first feed passage 6a, and at the eo ^ nH 
same time is injected into respective air intaKe manifoids 5a-5d from .he respec^ second 
injectors 8a-8d of a second feed passage 6b. In addition, hydrogen that .gas fuel ,s 
in acted into respective cy,inders from respective third injectors 9 a-9d In « c^a. 
the time of gas fuel injection, the mixture of liquid fuel and a,r • d.stnbuted so that ,t may 
become rich at a portion farther from an ignition plug. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the gaseous mixture of the engine which added gaseous fuel in the predetermined service 
condition around the ignition plug — the gaseous mixture of the engine which is the stratification 
approach and is characterized by distributing the gaseous mixture of liquid fuel and air at the time of 
addition of said gaseous fuel so that the direction of a part far from said ignition plug may become 
rich from the surrounding part of said ignition plug in an engine gas column ~ the stratification 
approach. 

[Claim 2] the gaseous mixture of the engine according to claim 1 characterized by distributing the 
gaseous mixture of said liquid fuel and air at the time of un-adding [ of said gaseous fuel ] so that the 
direction of a part far from said ignition plug may consist of a surrounding part of said ignition plug 
with Lean in said gas column — the stratification approach. 

[Claim 3] the gaseous mixture of the engine according to claim 1 characterized by changing 
concentration distribution of the gaseous mixture within said gas column by changing the timing 
which injects said liquid fuel with an injector — the stratification approach. 
[Claim 4] the gaseous mixture of the engine according to claim 1 characterized by injecting said 
liquid fuel from the injector for liquid fuel arranged corresponding to the suction port of said engine, 
and injecting said gaseous fuel from the injector for gaseous fuel arranged corresponding to said gas 
column — the stratification approach. 

[Claim 5] Said liquid fuel is injected from the 1st injector for liquid fuel arranged corresponding to 
the suction port of said engine, and the 2nd injector for liquid fuel arranged rather than said suction 
port corresponding to the inlet manifold of the downstream, the gaseous mixture of the engine 
according to claim 1 characterized by changing concentration distribution of the gaseous mixture 
within said gas column by changing the ratio of the injection quantity of said 1st injector for liquid 
fuel, and the injection quantity of said 2nd injector for liquid fiiel — the stratification approach. 
[Claim 6] the gaseous mixture of the engine according to claim 5 characterized by changing the 
injection quantity of said 1st injector for liquid fuel, and the injection quantity of said 2nd injector 
for liquid fuel according to the addition of said gaseous fuel — the stratification approach. 
[Claim 7] the gaseous mixture of the engine according to claim 1 characterized by said gaseous fuel 
being hydrogen — the stratification approach. 

[Claim 8] the gaseous mixture of the engine according to claim 7 characterized by generating said 
hydrogen from said liquid fuel using a reforming catalyst — the stratification approach. 
[Claim 9] the gaseous mixture of the engine according to claim 8 characterized by stopping the 
addition to said liquid fuel of said hydrogen in the condition that said reforming catalyst is not 
activated — the stratification approach. 

[Claim 10] the gaseous mixture of the engine which added gaseous fuel in the predetermined service 
condition around the ignition plug — it being stratification equipment, being prepared in the suction 
port connected to the engine gas column, and with the injector for liquid fuel for injecting liquid fuel 
In the condition of supplying said gaseous fuel in said gas column from the injector for gaseous fuel 
for being prepared corresponding to said gas column and injecting said gaseous fuel around said 
ignition plug, and this injector for gaseous fuel the gaseous mixture of the engine characterized by 
providing the control means which controls fuel-injection actuation of said injector for liquid fuel so 
that the gaseous mixture of said liquid fuel and air becomes more rich [ the part far from said 
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ignition plug ] from the surrounding part of said ignition plug — stratification equipment. 
[Claim 1 1 ] the gaseous mixture of the engine according to claim 1 0 characterized by said control 
means controlling fuel-injection actuation of said injector for liquid fuel so that the direction of the 
part from said ignition plug with the gaseous mixture of said liquid fuel and air further than the 
surrounding part of said ignition plug serves as Lean from said injector for gaseous fuel in the 
condition that said gaseous fuel is not supplied in said gas column — stratification equipment. 
[Claim 1 2] the gaseous mixture of the engine according to claim 1 0 characterized by said control 
means changing concentration distribution of said gaseous mixture by making the injection timing of 
said injector for liquid fuel change — stratification equipment. 

[Claim 13] The 1st injector for liquid fuel with which said injector for liquid fuel was formed in the 
upstream of a suction port, It consists of the 2nd injector for liquid fuel prepared in the downstream 
rather than the 1st injector for liquid fuel, this — said control means the gaseous mixture of the 
engine according to claim 1 0 characterized by changing concentration distribution of said gaseous 
mixture by making the ratio of the injection quantity of said 1 st injector for liquid fuel, and the 
injection quantity of said 2nd injector for liquid fuel change — stratification equipment. 
[Claim 14] the gaseous mixture of the engine according to claim 13 characterized by said control 
means making the ratio of the injection quantity of said 1st injector for liquid fuel, and the injection 
quantity of said 2nd injector for liquid fuel change according to the amount of supply into said gas 
column of said gaseous fuel — stratification equipment. 

[Claim 15] the gaseous mixture of the engine according to claim 10 characterized by said gaseous 
fuel being hydrogen — stratification equipment. 

[Claim 16] the gaseous mixture of the engine according to claim 15 characterized by providing 
further the reforming catalyst for generating said hydrogen from said liquid fuel — stratification 
equipment. 

[Claim 17] the gaseous mixture of the engine according to claim 16 characterized by said control 
means stopping injection actuation of said injector for gaseous fuel in the condition that said 
reforming catalyst is not being activated — stratification equipment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the gaseous mixture of the engine with which this invention uses liquid fuel 
and gaseous fuel together — it is related with the stratification approach and its equipment. 
[0002] 

[Description of the Prior Art] In recent years, hydrogen attracts attention as a clean energy source 
which cannot pollute atmospheric air easily, and the engine for cars which uses hydrogen as a fuel 
has been developed. What injects hydrogen directly into a gas column is known from the fuel-supply 
path where what injects hydrogen to an engine inlet pipe and introduces the gaseous mixture of 
hydrogen and air in an engine gas column as an engine which uses such hydrogen as a fuel, and the 
inlet pipe which supplies air as indicated by JP,63-198762,A were prepared in another network. 
[0003] By the way, while the engine which uses only such hydrogen as a fuel is developed, in the 
engine which uses the conventional gasoline as a fuel, the attempt which is going to raise fuel 
consumption is made by adding and burning the hydrogen of the specified quantity in the gaseous 
mixture of a gasoline and air. Since ignitionability of hydrogen is good, by adding hydrogen to the 
gaseous mixture of a gasoline and air, it can become possible to raise the RIN limit of the gaseous 
mixture conventionally specified from the point of ignitionability of it, and it can raise fuel 
consumption. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in order to aim at improvement in 
ignitionability, it was desirable to have centralized the good hydrogen of ignitionability around an 
ignition plug, but in the above-mentioned conventional technique, hydrogen was only injected by the 
inlet pipe, and since it. was [ only being mixed with a fuel, and ], hydrogen was diffused in the gas 
column and had the trouble that the contribution to the improvement in ignitionability was low. on 
the other hand, ignitionability improves by addition of hydrogen — gaseous mixture — although 
concentration of an inner gasoline can be made thin (it is made Lean), if gaseous mixture is made 
into Lean, apart from the problem of ignitionability, the flame propagation to the part which is 
separated from the ignition plug in a gas column will worsen, and there is a trouble that a unburnt 
gas increases. Thus, since there were the two above problems in the conventional technique, there 
was a trouble of not being obtained in the degree which the improvement effectiveness of fuel 
consumption expects as compared with the addition of hydrogen. 

[0005] therefore, the gaseous mixture of the engine with which this invention is made in view of the 
technical problem mentioned above, and, as for the purpose, the improvement effectiveness of higher 
fuel consumption is acquired according to the addition of hydrogen — it is offering the stratification 
approach and its equipment. 
[0006] 

[Means for Solving the Problem] in order to solve an above-mentioned technical problem and to 
attain the purpose — the gaseous mixture of the engine of this invention — the stratification approach 
It is the stratification approach, the gaseous mixture of the engine which added gaseous fuel in the 
predetermined service condition around the ignition plug — at the time of addition of said gaseous 
fuel It is characterized by distributing the gaseous mixture of liquid fuel and air so that the direction 
of a part far from said ignition plug may become rich from the surrounding part of said ignition plug 
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in an engine gas column. 

[0007] moreover, the gaseous mixture of the engine concerning this invention — in the stratification 

approach, it is characterized by distributing the gaseous mixture of said liquid fuel and air so that the 

direction of a part far from said ignition plug may consist of a surrounding part of said ignition plug 

with Lean in said gas column at the time of un-adding [ of said gaseous fuel ]. 

[0008] moreover, the gaseous mixture of the engine concerning this invention — in the stratification 

approach, it is characterized by changing concentration distribution of the gaseous mixture within 

said gas column by changing the timing which injects said liquid fuel with an injector. 

[0009] moreover, the gaseous mixture of the engine concerning this invention — in the stratification 

approach, it is characterized by injecting said liquid fuel from the injector for liquid fuel arranged 

corresponding to the suction port of said engine, and injecting said gaseous fuel from the injector for 

gaseous fuel arranged corresponding to said gas column. 

[0010] In the stratification approach moreover, the gaseous mixture of the engine concerning this 
invention — Said liquid fuel is injected from the 1st injector for liquid fuel arranged corresponding to 
the suction port of said engine, and the 2nd injector for liquid fuel arranged rather than said suction 
port corresponding to the inlet manifold of the downstream. By changing the ratio of the injection 
quantity of said 1 st injector for liquid fuel, and the injection quantity of said 2nd injector for liquid 
fiiel, it is characterized by changing concentration distribution of the gaseous mixture within said gas 
column. 

[001 1] moreover, the gaseous mixture of the engine concerning this invention — in the stratification 
approach, it is characterized by changing the injection quantity of said 1st injector for liquid fuel, and 
the injection quantity of said 2nd injector for liquid fuel according to the addition of said gaseous 
fuel. 

[0012] moreover, the gaseous mixture of the engine concerning this invention — in the stratification 
approach, it is characterized by said gaseous fuel being hydrogen. 

[0013] moreover, the gaseous mixture of the engine concerning this invention ~ in the stratification 
approach, it is characterized by generating said hydrogen from said liquid fuel using a reforming 
catalyst. 

[0014] moreover, the gaseous mixture concerning this invention ~ in the stratification approach, it is 
characterized by stopping the addition to said liquid fuel of said hydrogen in the condition that said 
reforming catalyst is not activated. 

[0015] moreover, the gaseous mixture of the engine of this invention — stratification equipment the 
gaseous mixture of the engine which added gaseous fuel in the predetermined service condition 
around the ignition plug « it being stratification equipment, being prepared in the suction port 
connected to the engine gas column, and with the injector for liquid fuel for injecting liquid fuel In 
the condition of supplying said gaseous fuel in said gas column from the injector for gaseous.fuel for 
being prepared corresponding to said gas column and injecting said gaseous fuel around said ignition 
plug, and this injector for gaseous fuel It is characterized by providing the control means which 
controls fuel-injection actuation of said injector for liquid fiiel so that the gaseous mixture of said 
liquid fuel and air becomes more rich [ the part far from said ignition plug ] from the surrounding 
part of said ignition plug. 

[0016] moreover, the gaseous mixture of the engine concerning this invention — in stratification 
equipment, said control means is characterized by controlling fuel-injection actuation of said injector 
for liquid fuel in the condition that said gaseous fuel is not supplied in said gas column from said 
injector for gaseous fuel, so that the direction of the part from said ignition plug with the gaseous 
mixture of said liquid fuel and air further than the surrounding part of said ignition plug serves as 
Lean. 

[0017] moreover, the gaseous mixture of the engine concerning this invention — in stratification 
equipment, said control means is characterized by changing concentration distribution of said 
gaseous mixture by making the injection timing of said injector for liquid fuel change. 
[0018] In stratification equipment moreover, the gaseous mixture of the engine concerning this 
invention — said injector for liquid fuel The 1st injector for liquid fuel prepared in the upstream of a 
suction port, It consists of the 2nd injector for liquid fuel prepared in the downstream rather than the 
1st injector for liquid fuel, this — said control means By making the ratio of the injection quantity of 
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said 1st injector for liquid fuel, and the injection quantity of said 2nd injector for liquid fuel change, 

it is characterized by changing concentration distribution of said gaseous mixture. 

[0019] moreover, the gaseous mixture of the engine concerning this invention — in stratification 

equipment, said control means is characterized by making the ratio of the injection quantity of said 

1 st injector for liquid fuel, and the injection quantity of said 2nd injector for liquid fiiel change 

according to the amount of supply into said gas column of said gaseous fuel. 

[0020] moreover, the gaseous mixture of the engine concerning this invention — in stratification 

equipment, it is characterized by said gaseous fuel being hydrogen. 

[0021] moreover, the gaseous mixture of the engine concerning this invention — in stratification 
equipment, it is characterized by providing further the reforming catalyst for generating said 
hydrogen from said liquid fuel. 

[0022] moreover, the gaseous mixture of the engine concerning this invention in stratification 
equipment, said control means is characterized by stopping injection actuation of said injector for 
gaseous fuel in the condition that said reforming catalyst is not being activated. 
[0023] 

[Function] as mentioned above, the gaseous mixture of the engine concerning this invention — since 
the stratification approach and its equipment are constituted, while concentrating and supplying the 
good gaseous fuel of ignitionability around an ignition plug, by making gaseous mixture of liquid 
fuel and air so rich that it separating from an ignition plug, improvement in the ignitionability of a 
fuel and improvement in flame propagation nature can be aimed at to coincidence, and the high 
improvement effectiveness in fuel consumption is acquired. 

[0024] Moreover, improvement in fuel consumption can be aimed at in the condition of not 
supplying gaseous fuel in a gas column, preventing the fall of ignitionability by making it Lean so 
that surrounding gaseous mixture of an ignition plug is made rich and it separates from an ignition 
plug. 

[0025] Moreover, since he is trying to change distribution of gaseous mixture by changing the 
injection timing of the injector arranged in the suction port, the distribution condition of gaseous 
mixture can be easily changed by the easy change of control of changing the injection timing of an 
injector, according to engine operational status. 

[0026] Moreover, since he is trying to change distribution of gaseous mixture by changing the ratio 
of the injection quantity of the 1st injector for liquid fuel arranged in the upstream of a suction port, 
and the injection quantity of the 2nd injector for liquid fuel arranged in the downstream, the 
distribution condition of gaseous mixture can be easily changed by the easy change of control of 
changing the injection quantity of an injector, according to engine operational status. 
[0027] Moreover, according to the amount of supply of hydrogen, ignitionability and flame 
propagation nature can be reconciled in the optimal balance by changing the ratio of the injection 
quantity of the 1st injector for liquid fuel, and the injection quantity of the 2nd injector for liquid fuel 
according to the amount of supply of the hydrogen as gaseous fuel. 

[0028] Moreover, since he is trying for a reforming catalyst to generate hydrogen from liquid fuel, it 
is not necessary to prepare the tank for hydrogen specially, and the space efficiency of a car can be 
raised. 

[0029] Moreover, in the condition that the reforming catalyst is not being activated, since he is trying 

to suspend supply of the hydrogen into a gas column, malfunction can be prevented. 

[0030] 

[Example] Hereafter, one suitable example of this invention is explained to a detail with reference to 
an accompanying drawing. 

[0031] This example is an example at the time of applying the invention in this application to the 
serial 4-cylinder engine for automobiles. 

[0032] the gaseous mixture of the engine which drawing 1 applies to the example of this invention in 
this application first — the overall system configuration of stratification equipment is shown. 
Moreover, drawing 2 is the sectional side elevation of the ignition plug circumference part of each 
engine cylinder. 

[0033] In drawing 1 , first, a sign 1 is an engine, and inhalation air is inhaled from the exterior 
through an air cleaner 30, and is supplied to each cylinder through an air flow meter 2, the throttle 
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chamber 3, a suction port 4, and inlet manifolds 5a-5d after that. Here, it is constituted by the 
appearance by which the gasoline which is liquid fuel, and the hydrogen which is gaseous fuel are 
supplied to each cylinder if the characteristic part of this application is explained. A gasoline is 
sucked up by the fuel pump from a non-illustrated gas tank, and is supplied to the liquid fuel supply 
path 6. The 1st injector 7 to have divided the point into 1st supply path 6a and 2nd supply path 6b, 
and inject a gasoline to the point of 1st supply path 6a at the direct downstream of the throttle valve 6 
of a suction port 4, as for the liquid fuel supply path 6 is connected. Moreover, the 2nd injector 8a-8d 
for injecting a gasoline in each inlet-manifold 5a-5d is connected to the point of 2nd supply path 6b. 
By injecting a gasoline in an inhalation-of-air path with these 1st injectors 7 and the 2nd injector 8a- 
8d, the gaseous mixture with which air and a gasoline were mixed is introduced in each cylinder. 
[0034] In addition, the amount of the inhalation air to the above-mentioned cylinder at the time of 
actuation of the accelerator pedals at the time of car transit etc. (un-illustrating) is controlled by the 
throttle valve 6 prepared in the above-mentioned throttle chamber 3. A throttle valve 6 is interlocked 
with the above-mentioned accelerator pedal, is operated, and is maintained by the minimum opening 
condition by the moderation run state and the idle operating range. And in the state of this minimum 
(close by-pass bulb completely) opening, an idle switch ID and SW (un-illustrating) are energized, 
the signal which shows an idle state is turned on and below-mentioned ECU (engine control unit)40 
can detect an idle state with this signal. In addition, a throttle valve 6 is not mechanically connected 
with an accelerator pedal, and is driven by the non-illustrated motor, and the drive of this motor is 
controlled by ECU40. Therefore, the opening of a throttle valve 6 does not follow the amount of 
treading in of an accelerator pedal linearly, and where a predetermined function is applied to the 
amount of treading in of an accelerator pedal, it is controlled by ECU40. 

[0035] On the other hand, the 3rd injector 9a-9d for injecting the hydrogen (H2) as gaseous fuel in a 
cylinder is arranged in the upper part of each cylinder. Here, in this example, the hydrogen supplied 
to the 3rd injector 9a-9d is generated from the gasoline which is liquid fuel. Explanation of the 
configuration which generates hydrogen from this gasoline arranges the air intake 1 1 for adopting air 
from the exterior in the end of the hydrogen supply path 1 0 for supplying hydrogen to the 3rd 
injector 9a-9d. The adopted air is supplied to turbo char JA 14 through an air cleaner 12 and the 
closing motion valve 13 from here. And the gasoline sucked [ in / further / a pressure up is carried 
out to a predetermined pressure, and / the pars intermedia of the hydrogen supply path 10 ] up from 
the gas tank and the water sucked up from the non-illustrated water tank are mixed by turbo char JA 

14, and, as for this air, such gaseous mixture is led to a reforming catalyst 15. In a reforming catalyst 

15, hydrogen is generated from the gaseous mixture of a gasoline, water, and air by well-known 
operation, and this hydrogen is introduced into a surge tank 16. In addition, since a reforming 
catalyst 15 serves to be activated [ work ] when warmed by about [ 300 degrees ] C, and to generate 
hydrogen, it is arranged like in the exhaust pipe 18 which is warmed by exhaust gas and which is 
mentioned later. 

[0036] Here, the reason for carrying out the pressure up of the pressure in the hydrogen supply path 
10, i.e., the pressure of hydrogen, by turbo char JA 14 is explained. Since ignitionability of hydrogen 
is good as compared with a gasoline, by this example, it is used in order to raise the ignitionability of 
gaseous mixture at the time of lean burn. Therefore, as for hydrogen, it is desirable to be supplied 
around an ignition plug 20 (to refer to drawing 2 ) intensively. In order to make it concentrate around 
an ignition plug 20 without diffusing hydrogen within a cylinder, he is trying to inject hydrogen from 
the 3rd injector 9a-9d in the pressing operation of a piston in this example around an ignition plug. In 
order to send in hydrogen by the pressure higher than the pressure in a cylinder in order to introduce 
hydrogen in a cylinder in a pressing operation, and to generate this pressure, turbo char JA 14 is 
used. 

[0037] Since the pressure up of the hydrogen led to the surge tank 16 from the reforming catalyst 15 
is carried out by turbo char J A 14 to the pressure higher enough than the pressure in a cylinder as 
mentioned above, it makes the pressure of this hydrogen decompress to a proper pressure with a 
reducing valve 17. And this decompressed hydrogen is injected in a cylinder from the 3rd injector 
9a-9d. 

[0038] Next, the sign 18 shows the exhaust pipe which had the exhaust gas purification function 
equipped with the three-way catalytic converter (catalyst converter) 19 for example, in the middle of 
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the flueway. And 02 for detecting the oxygen density in exhaust gas (air-fiiel ratio A/F) in the upper 
section of the above-mentioned three-way catalytic converter 19 of this exhaust pipe 18 Sensor SI It 
is prepared. Moreover, 02 It is a sensor SI , and also the turbine of turbo char JA 14 is prepared in 
the upstream. 

[0039] Moreover, the knock sensor which is not illustrated for detecting generating of a knocking 
condition is formed in the engine 1 . 

[0040] And the air-fuel ratio (A/F) at the time of engine operation is set to the Air Fuel Ratio Control 
system by the side of the electronic fuel-injection control unit in ECU40. For example, the output 
value Q and engine speed Ne of the above-mentioned air flow meter 2 grade It is based and is the 
basic fuel oil consumption TP first. While determining Furthermore, it is the above 02. Sensor SI It 
uses, the air-fuel ratio (A/F) in actual exhaust gas is detected, and it responds to the deflection of this 
detection value and the set-up target air- fuel ratio, and is the above-mentioned basic fuel oil 
consumption TP. By carrying out feedback amendment A system which is always maintained to a 
setting air- fuel ratio (generally theoretical-air- fuel-ratio A/F= about 14.7 value) is adopted. 
[0041 ] Therefore, the last fuel oil consumption TO in the C-system of this air-fuel ratio A common 
calculation system becomes like <A HREF="/Tokujitu/tjitemdrw.ipdl?N0000=239&N0500=l 
E_N/;?8?9<>=7///&N0001=503&N0552=9&N 0553= 000005" TARGET="tjitemdrw"> drawing 3 
(after-mentioned). 

[0042] On the other hand, it is ignition timing control signal thetalgt by which a sign 20 is the 
ignition plug prepared in the cylinder head section of the above-mentioned engine 1, a predetermined 
ignition electrical potential difference is impressed to this ignition plug 20 through a non-illustrated 
distributor and an ignitor, and the impression timing, i.e., ignition timing, is supplied to the above- 
mentioned ignitor from the above ECU 40 in drawin g 2 . It is controlled. 

[0043] Moreover, the 3rd injector 9a-9d for [ which was mentioned above ] supplying hydrogen in a 
cylinder like is arranged by the cylinder head where the point is turned to the point of an ignition 
plug 20, and it is made as [ inject / around the point of an ignition plug 20 / hydrogen ]. 
[0044] ECU40 is equipped with the circuit which calculates the circuit and fuel oil consumption 
which detect the inhalation air content Q centering on the microcomputer (CPU) which is operation 
part, ignition timing, etc., the circuit which judges the octane value of a fuel, memory (ROM and 
RAM), an interface (I/O) circuit, etc., and is constituted. And various kinds of detecting signals 
required for engine control other than each above-mentioned detecting signal, such as the inhalation 
air content detecting signal Q detected by the engine trigger signal (ECU trigger) from the starting 
switch which is not illustrated, the engine-speed detecting signal Ne from an engine speed sensor 21, 
the detecting signal TW of the circulating water temperature of the engine detected with the water 
temperature thermistor 22, the throttle opening detecting signal TVO detected by the throttle opening 
sensor 23, and the air flow meter 2, are respectively inputted into the above-mentioned interface 
circuitry of this ECU40. 

[0045] And ECU40 performs amendment control of the fuel oil consumption according to a 
operating range as shown in drawing 3 . 

[0046] Next, the contents of the fuel supply control to the engine by the above (engine control unit) 

ECU 40 are explained to a detail with reference to the flow chart of drawing 3 . 

[0047] First, drawing 3 shows the basic routine of this fuel supply control. 

[0048] namely, — first — step SI — the engine water temperature Tw, inspired air volume Q, an 

intake-air temperature TA, an atmospheric pressure PA, and engine speed Ne etc. — various kinds of 

performance datas which show an engine operating range are read. 

[0049] And they are the above-mentioned inspired air volume Q and an engine speed Ne at step S2 
next. Basic fuel oil consumption [ it is based and ] Tp It calculates. At step S3 - step S7, then, an 
intake temperature correction (correction factor CA), Atmospheric pressure amendment (correction 
factor Cp), warming-up increase in quantity (correction factor Cw), acceleration-and-deceleration 
amendment (correction factor CAC), 02 further mentioned above at step S8 after performing fuel 
amendment according to individual corresponding to operating range, such as heavy load increase in 
quantity (correction factor CL), Feedback amendment of A/F based on a sensor output is performed. 
[0050] And it progresses to the step S9-> step S10, the invalid injection time for fuel injection and a 
fuel cut gas column are set up respectively, and it is the last fuel oil consumption TF at step SI 1 . It 
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sets up. 

[0051] And the set-up this last fuel oil consumption TF The 1st and 2nd injectors 7, 8a-8d of the 
above are driven by the driving pulse of the corresponding duty ratio, and a fuel is injected in an 
engine. 

[0052] Next, the hydrogenation actuation to the gasoline which is the characteristic part of this 
application is explained. Drawing 4 shows the air-fuel ratio map and the amount map of 
hydrogenation at the time of taking an engine speed along an axis of abscissa, and taking torque 
along an axis of ordinate. 

[0053] Air Fuel Ratio Control is made so that an engine may be set to usual ideal air-fuel ratio 
A/F=14.7 in the field in the operational status of high rotation quantity torque, as shown in drawing 4 
(a). On the other hand, in the field of low rotation low torque, in order to raise fuel consumption, 
according to torque and a rotational frequency, an air-fiiel ratio is shifted to the Lean side. Since an 
ignition cycle becomes long and the badness of ignitionability is compensated when an engine 
rotational frequency is low rotation at this time, an air-fuel ratio can be made more into Lean. 
Therefore, a map of an air-fuel ratio which was illustrated and on which a low rotation region serves 
as Lean like is set up. 

[0054] On the other hand, drawing 4 (b) is drawing having shown the mass ratio of the addition 
hydrogen to the gasoline in each operating range shown in drawing 4 (a). As shown in this map, 
since the ignitionability to gaseous mixture does not pose a problem, addition of hydrogen is not 
performed in the field of air- fuel ratio A/F=14.7. On the other hand, in the field which performs lean 
burn, hydrogen is added to a gasoline with a mass ratio which was illustrated. That is, in an engine 
low rotation region, since the badness of ignitionability is compensated when an ignition cycle 
becomes long as mentioned above, the addition of hydrogen is also lessened. Moreover, in order to 
aim at improvement in ignitionability, the addition of hydrogen is made to increase in an engine high 
rotation region, since an ignition cycle becomes short. Thus, hydrogen can be effectively used with 
small consumption by changing the addition of hydrogen according to engine operational status. 
[0055] Next, according to a operating range, hydrogen is explained to gaseous mixture with 
reference to the flow chart shown in drawing 5 about the procedure to add. 

[0056] first — if a program starts — step S20 — setting — the engine water temperature Tw, inspired 
air volume Q, an intake-air temperature TA, an atmospheric pressure PA, and engine speed Ne etc. — 
various kinds of performance datas which show an engine operating range are read. 
[0057] Next, after putting an engine into operation at step S21, it judges whether predetermined time 
passed. This is because the time amount for about 2-3 minutes will be needed by the time the 
reforming catalyst 15 for generating hydrogen is warmed and activated to about [ 300 degrees ] C. 
That is, since hydrogen is not generated until a reforming catalyst 15 is activated, injection of the 
hydrogen from the 3rd injector 9a-9d is stopped in between [ till then ]. 

[0058] Therefore, when predetermined time has not passed at step S21, it progresses to step S23 and 
the injection quantity of hydrogen is set as 0. 

[0059] Predetermined time passes at step S21, when it is considered that the reforming catalyst 15 
was activated, it progresses to step S22 and the injection quantity of hydrogen is set up based on the 
map shown in drawing 4 (b). 

[0060] At step S24, it judges whether it is a pressing operation. This is for preventing centralizing 
hydrogen on the ignition plug 20 neighborhood, and distributing in the whole cylinder by injecting 
hydrogen by the pressing operation. 

[0061] When it is not a pressing operation at step S24, a return is carried out as it is. Moreover, when 
it is a pressing operation at step S24, based on the hydrogen injection quantity set up at step S22 or 
step S23, the return of the hydrogen is injected and carried out from the 3rd injector 9a-9d. 
[0062] Next, drawing 6 is drawing having shown the amount of hydrogen in the case of adding 
hydrogen, and the relation of ignition timing. Since ignitionability becomes good and the flame 
speed into a gas column becomes early in connection with it when hydrogen is added, it controls to 
delay ignition timing as are shown in drawing 6 and the addition of hydrogen increases. 
[0063] Drawing 7 is drawing having shown the amount of hydrogenation, and the relation of air-fuel 
ratio A/F. The illustrated appearance is made to shift air-fuel ratio A/F to the Lean side as the 
addition of hydrogen is increased, since the ignitionability to a fuel improves by addition of 
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hydrogen. Conversely, in order to compensate the fall of ignitionability, the amount of 
hydrogenation is made to increase as air-fuel ratio A/F will be shifted to the Lean side, if it says. 
Moreover, since the improvement effectiveness of ignitionability does not improve, so that it makes 
the addition of hydrogen increase, and it is reaching the ceiling in a certain place, the addition of 
hydrogen is increased so that it may carry out asymptotic to a certain constant value. 
[0064] Drawing 8 is drawing having shown the amount of hydrogenation, and the relation of throttle 
opening. If air- fuel ratio A/F is simply shifted to the Lean side in connection with it when the 
addition of hydrogen is made to increase, when a fuel decreases, an engine output torque will 
decrease, therefore, even when the amount of treading in of an accelerator is the same, it controls by 
ECU40 to open a throttle valve 6 more, as the amount of hydrogenation is made to increase. 
Although it can consider so that the improvement effectiveness in fuel consumption by opening a 
throttle valve 6 adding hydrogen and making an air-fuel ratio Lean here, since it means that fuel oil 
consumption is also increased according to it may be offset, in fact, by opening a throttle valve 6, 
loads, such as a pumping loss of a piston, will be mitigated and the improvement effectiveness in 
fuel consumption is acquired as a result. 

[0065] Next, drawing 9 (a) and drawing 9 (b) are drawings having shown concentration distribution 
of the gasoline in the cylinder when not adding the case where hydrogen is added, and hydrogen. As 
shown in drawing 9 (a), in not adding hydrogen in lean burn, in order to raise ignitionability, near an 
ignition plug 20 is made rich, and it is made Lean, so that it separates from an ignition plug 20. Since 
the ignitionability to gaseous mixture improves by the hydrogen of the ignition plug 20 
neighborhood on the other hand in adding hydrogen like this example, concentration distribution of 
the gasoline in a cylinder is made so rich that it separates from an ignition plug 20 contrary to the 
case of drawing 9 (a). Thus, the fall of the communicability of the flame in lean burn is prevented by 
making gaseous mixture rich, so that it separates from an ignition plug 20. Therefore, by making 
gaseous mixture rich, improvement in the ignitionability to a gasoline and improvement in the 
communicability of a flame can be aimed at, and it enables the direction in the case of drawing 9 (b) 
as a result to make air- fuel ratio A/F into Lean more as compared with the case of drawing 9 (a), so 
that hydrogen is added and it separates from an ignition plug 20. 

[0066] Next, some examples of the approach of distributing gaseous mixture within a cylinder like 
above-mentioned drawing 9 (b) so richly that it being far from an ignition plug 20 are explained. 
[0067] Drawin g 10 tends to show the 1 st example of this approach, and tends to bring forward 
injector [ 2nd /a / 8 /-8d ] injection timing according to the addition of hydrogen. Although drawing 
]_L shows the relation of air-fuel ratio A/F of the injection injector [ 2nd /a / 8 /-8d ] timing and 
ignition plug 20 circumference, if a piston injects a gasoline like in the illustrated location to which 
about 80 degrees went from a top dead center, air- fuel ratio A/F of the ignition plug 20 
circumference will become the most rich. And even if it brings injection timing forward rather than it 
and makes it late, air- fuel ratio A/F of the ignition plug 20 circumference becomes Lean. Since a 
gasoline will already be injected when the volume of a cylinder begins to expand if injection timing 
is carried out early, this is because a fuel becomes is easy to be distributed in [ whole ] a cylinder 
with volume expansion of a cylinder. Moreover, since the volume of a cylinder is in the condition 
near max when a gasoline is injected if injection timing is delayed, the negative pressure which 
introduces the gaseous mixture containing a gasoline in a cylinder is almost lost, and air-fuel ratio 
A/F of the circumference of a plug becomes Lean too. 

[0068] Therefore, if it checks and thinks to drawing 1 1 , in order to make rich the part which made 
Lean air- fuel ratio A/F of a near [ an ignition plug 20 ], and is separated from an ignition plug 20, it 
turns out that what is necessary is just to bring forward injector [ 2nd /a / 8 /-8d ] injection timing. 
And if it is made to bring forward as this injection timing is shown in drawing 10 as the addition of 
hydrogen is made to increase, the distribution condition of the concentration of the gaseous mixture 
suitable for the addition of hydrogen will be acquired. 

[0069] Next, with reference to the flow chart shown in drawing 12 , the procedure which brings the 
injection timing of an injector forward and controls concentration distribution of gaseous mixture is 
explained. 

[0070] first — if a program starts — step S30 — setting — the engine water temperature Tw, inspired 
air volume Q, an intake-air temperature TA, an atmospheric pressure PA, and engine speed Ne etc. — 
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various kinds of performance datas which show an engine operating range - 

[0071] Next, in step S31 - step S33, the injection pulse of a gasoline is calculated according to a 

^mZ&» into operation at step S34, it judges whether predetermined time 
passed TOs is because the ^amount for about 2 - 3 minutes will be needed by the time the 
reforming catalyst 15 for generating hydrogen is warmed and activated to about [ 300 degrees ] C. 
Tha™, since hydrogen is not generated until a reforming catalyst 1 5 is activated, injection of the 
hydrogen from the 3rd injector 9a-9d is stopped in between [ till then J 

$073] Therefore, when predetermined time has not passed at step S34, it Progresses to step S36 .and 
the predetermined gasoline injection timing (specifically timing m the second half of an inhalation- 
of-air process) when not adding hydrogen is set up. M *_i„_«. i <; 

[0074] | Predetermined time passes at step S34, when it is considered that the reforming ^catalys 15 
was activated it progresses to step S35 and injector [ according to the injector / 3rd /a / 9 /-9d / 
WogZl^n quantity / 2nd /a / 8 /-8d ] injection timing is set up based on the graph shown in 

Next, it judges whether it is injection timing at step S37, if it is not injection timing, a return 
wm be carried Jut as it is, if it is injection timing, at step S38, from the 2nd injector 8a-8d, specified 
quantity injection will be carried out and the return of the gasoline will be carried out 
[0076] Next, drawing 13 is drawing showing the 2nd approach for controlling ^tttTector 7 
distribution of the gaseous mixture in a cylinder. In this example, although it has the \ sV injector 7 
Focated in the upstream of an inhalation-of-air path, and the 2nd inject or of the 
downstream of an inhalation-of-air path, if many gasolines are injected from the 1st injector -7 the 
unlearn, since the mixed state with air will be equalized, the concentration of the gaseous mixture 
in a cylinder becomes easy to become rich in the location distant from the ignition plug 2<X 
Therefore, the operation which makes rich gaseous mixture of a part which is separated from zn 
ignition plug 20 to Lean in the surrounding gaseous mixture of an ignition plug 20 is acquired ^by 
injecting many gasolines from the 1st injector 7 of the upstream as are shown in drawing 13 and the 

^££ffiZZ£^ inj-ts a fuel with the 1st above-mentioned injector 7 and the 2nd 
aW-mentionedtojector 8a-8d is explained with reference to the flow chart shown«. 
r00781 first - if a program starts - step S40 - setting - the engine water temperature Tw, inspired 
ah volume Q, an Sake-air temperature TA, an atmospheric pressure PA, and engine speed Ne etc. - 
various kinds of performance datas which show an engine operating range are read. 
^79] Next, in step S41 - step S43, the injection pulse of a gasoline is calculated according to a 

gSSX" ^SS^ into operation at step S44, it judges whether predeterm ined time 
passed. This is because the time amount for about 2 - 3 minutes will be needed by the time die 
reforming catalyst 1 5 for generating hydrogen is warmed and activated to about [ 300 degrees ] C. 
That is since hydrogen is not generated until a reforming catalyst 1 5 is activated, injection of the 
hvdroeen from the 3rd injector 9a-9d is stopped in between [ till then ]. 
[008 if Therefore, when predetermined time has not passed at step S44 it 

the 1 st injector 7 and injector [ 2nd /a / 8 /-8d ] injection ratio is set as the injection ratio when not 

[Ootf ?retterm?nS n time passes at step S44, when it is considered that ^Ztfs^L 

was activated, it progresses to step S45 and the 1st injector 7 and injector [ 2nd /a / 8 /-8d ] injection 

ratio is set as the ratio according to the amount of hydrogenation based on temgJJ . 

[0083] And at step S47 and step S48, according to the injection ratio set up at ^5,»»^meB 

made to inject and a return is carried out from the 1st injector 7 of the upstream, and the 2nd injector 

8a-8d of the downstream. , _ ... _ . .• 

[0084] Next, drawing 15 is drawing showing the 3rd approach for 1 ^ lll ^"^^._ ctor 8a _ 

distribution of the gaseous mixture in a cylinder. He makes a gasoline inject with the 2nd injector 8a 

8d once before an inhalation-of-air process (for example, one half extent of the total injection 

quantity), and is trying to make a gasoline inject with the 2nd injector 8a-8d once again in an 

inhalation-of-air process in this example. Thus, if a gasoline is injected in 2 steps, since the 
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difference of the inhalation air content expected at the time of ^^^^SST 
actually inhaled at the time of the 2nd injection can be amended at the time of the 2nd injection, 
£5 exacTfuel injection can be performed. Concentration distribution 

cylinder is controlled by this example by making the 1st injection quantity, 1 uanttty 
of inhalation-of-air process this side, increase as this technique is applied jmd ^ition of 
hydrogen increases. That is, since the direction of the gasoline injected by the 1st time will be 
distributed over homogeneity with inhalation air, if the 1st injection mc ~* *° 

circumference part will tend to become rich rather than near [ ignition ph»g 20 ] a 
Therefore, he is trying to make the 1st injection quantity increase as the addition of hydrogen is 

^]%taS ! SS« a «tration distribution of gaseous mixture is controlled in *e above-mentioned 
example like to become rich as it separates from an ignition plug rather than the circumference of an 
Son plug at rtie'ime of hydrogenation, improvement in the ignitionability by the .hydrogen a the 
time of lean burn explained above and improvement in flame propagation nature can be aimed at, 
and it becomes possible to raise fuel consumption. . 
[0086] In addition, this invention is the range which does not deviate from the mam point, and can be 
applied to what corrected or transformed the above-mentioned example. 

f Effect of the Invention] it explained above - like - the gaseous mixture of the engine of this 
nvention - according to the stratification approach and its equipment, while-concentrating and 
upSymg the good gLous fuel of ignitionability around an ignition plug, by making gaseous 
mfx^e of liquid fuel and air so rich that it separating from an ignition plug, ^provement in the 
ignitionability of a fuel and improvement in flame propagation nature can be aimed at to 
coincidence, and the high improvement effectiveness in fuel consumption is acquired. 
m088] Moreover, improvement in fuel consumption can be aimed at in the condition of not 
Sing gaseous fuel in a gas column, preventing the fall of ignitionability by making it Lean so 
ZtsSding gaseous mixture of an ignition plug is made rich and it separates from an ignition 

fe] Moreover, since he is trying to change distribution of gaseous mixture by changing ; the 
niection timing of the injector arranged in the suction port, the distribution condition of gaseous 
mSTcan^be 8 easily changed by the%asy change of control of changing the injection timing of an 

of the injection quantity of the 1st injector for liquid fuel arranged m the upstream of a suction port, 
ana the^ection quantity of the 2nd injector for liquid fuel arranged in the downstream the 
attribution condition of gaseous mixture can be easily changed by the easy change of control of 
changing the injection quantity of an injector, according to engine operational status 
[0091] Moreover, according to the amount of supply of hydrogen, ignitionability and flame 
Propagation natu e can be reconciled in the optimal balance by changing the ratio of the injec on 
Sfty of the 1st injector for liquid fuel, and the injection quantity of the 2nd injector for liquid fuel 
according to the amount of supply of the hydrogen as gaseous fuel. 

[0092] Moreover, since he is trying for a reforming catalyst to generate hydrogen from liquid fuel it 
is not necessary to prepare theTank for hydrogen specially, and the space efficiency of a car can be 

m093 j Moreover, in the condition that the reforming catalyst is not being activated since he is trying 
to suspend supply of the hydrogen into a gas column, malfunction can be prevented. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . . 

[Drawing 11 the gaseous mixture of the engine concerning the example of the invention in this 
application -- the overall system configuration of stratification equipment is shown. 
[Drawing 21 It is the sectional side elevation of the ignition plug circumference part of each engine 

cylinder. . 

mrawine 31 It is the flow chart which shows the basic routine of fuel supply control. 

[Drawing 4] It is drawing having shown the air-fuel ratio map and the amount map of hydrogenation 

at the time of taking an engine speed along an axis of abscissa, and taking torque along an axis of 

[Dra wing 51 It is the flow chart which shows the procedure which adds hydrogen to gaseous mixture 
according to a operating range. i_ j a 

[Drawing 6] It is drawing having shown the amount of hydrogen in the case of adding hydrogen, and 
the relation of ignition timing. . 
[Drawing 71 It is drawing having shown the amount of hydrogenation, and the relation ot air-tuel 

ratio .AVF 

[Drawing 81 It is drawing having shown the amount of hydrogenation, and the relation of throttle 

[DrSg_9J It is drawing having shown concentration distribution of the gasoline in the cylinder 
when not adding the case where hydrogen is added, and hydrogen. 

[Drawing 10] It is drawing having shown the 1st example of the approach of distributing gaseous 
mixture within a cylinder so richly that it being far from an ignition plug. 

[Drawing 111 It is drawing having shown the injection timing of the 2nd injector, and the relation ot 
air-fuel ratio A/F of the ignition plug circumference. 

[Drawing 12] It is the flow chart which shows the procedure which brings the injection timing ot an 
injector forward and controls concentration distribution of gaseous mixture. 
[Drawing 13] It is drawing showing the 2nd approach for controlling concentration distribution ot 
the gaseous mixture in a cylinder. , . . 

[Drawing 14] It is the flow chart which shows the procedure which injects a fuel with the 1st injector 

and the 2nd injector. . 
[Drawing 151 It is drawing showing the 3rd approach for controlling concentration distribution ot the 

gaseous mixture in a cylinder. 
[Description of Notations] 

1 Engine 

2 Air Flow Meter 

3 Throttle Chamber 

4 Suction Port 

5 Inlet Manifold 

6 Liquid Fuel Supply Path 

7 1st Injector 

8a-8d The 2nd injector 
9a-9d The 3rd injector 
10 Hydrogen Supply Path 
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1 1 Air Intake 

12 Air Cleaner 

1 3 Closing Motion Valve 

14 Turbo CHAJA 

1 5 Reforming Catalyst 

16 Surge Tank 

17 Reducing Valve 

18 Exhaust Pipe 

19 Three Way Catalytic Converter 

20 Ignition Plug 

21 Engine Rotation Sensor 

22 Water Temperature Thermistor 
30 Air Cleaner 

40 ECU 

SI 02 Sensor 
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[Drawing 101 
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[Drawing 12] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/25/2006 



JP,07-063128,A [DRAWINGS] 



[ $30 
/ / 

r 




H2f icJKsLTc 

S35— 




[Drawing 14] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,07-063128,A [DRAWINGS] 



Page 7 of 7 



S40 



/ 7 



S42 



S44 



S45 




S46 















( 


-> ) 



S47 
-S48 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/25/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
0Tblack borders 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ color OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS '. 'jC '"'. - 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





